(19) 



JEuropafsches Pa 
Europe^^ent 
Office europeen < 



Patentamt 
Office 
des brevets 




(12) 



(88) Date of publication A3: 

04.09.2002 Bulletin 2002/36 

(43) Date of publication A2: 

11.04.2001 Bulletin 2001/15 

(21) Application number: 00121607.6 

(22) Date of filing: 02.1 0.2000 



(n) EP 1 091 339 A3 

EUROPEAN PATENT APPLICATION 

(51) lntCI7: G09G 3/32 



(84) Designated Contracting States: 


• SUMITOMO ELECTRIC INDUSTRIES, LTD. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Osaka-shi, Osaka 544-851 1 (JP) 


MC NL PT SE 


Designated Extension States: 


(72) Inventor: Tomlda, TakayuM, 


AL LT LV MK RO SI 


Harness System Technologies 




Nagoya-shl, Aichl (JP) 1 


(30) Priority: 04.10.1999 JP 28277999 






(74) Representative: Kuhnen & Wacker 


(71) Applicants: 


Patents nwaltsgesellschaft mbH, 


• Harness System Technologies Research, Ltd. 


Postfach19 64 


Nagoya-shi, Aichl (JP) 


85319 Freising (DE) 


• SUMITOMO WIRING SYSTEMS, Ltd. 




Yokkaichi-shl, Mle-ken 510 (JP) 





5 

CO 
CO 

1— 



(54) Display element drive device 

(57) A transistor Q11 for supplying driving currents 
la to In to EL display elements 1 1 a to 1 1 n is provided in 
a stabilization voltage supply circuit 33. The transistor 
Q11 is connected to a current sensing resistor Ras for 



detecting a collector current of the transistor Q1 1 . When 
a total current Ix for driving the EL display elements rises 
to a certain abnormal level, a bias suppressing element 
Qa is turned on to thereby reduce a base-emitter bias 
of the transistor 11. 



FIG. 1 
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(54) Display element drive device 

(57) A transistor Q1 1 for supplying driving currents 
la to In to EL display elements 1 1 a to 1 1 n is provided in 
a stabilization voltage supply circuit 33. The transistor 
Q1 1 is connected to a current sensing resistor Ras for 
detecting a collector current of the transistor Q1 1 . When 



a total current Ix for driving the EL display elements 
rises to a certain abnormal level, a bias suppressing 
element Qa is turned on to thereby reduce a base-emit- 
ter bias of the transistor 1 1 . 



FIG. 1 
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BACKGROUN D OF THE INVENTION 

[0001] This invention relates to a display element 
drive device for driving a single EL display element or a 
plurality of parallel-connected EL display elements. 
[0002] FIG. 5 shows the relation between the cur- 
rent density and brightness of an organic EL light emit- 
ting element. The coordinates of the current density and 
brightness are logarithmically represented. Generally, 
the organic EL light emitting element is a current-driven 
light emitting element As shown in FIG. 5, the lumi- 
nance brightness of the organic EL light emitting ele- 
ment is determined according to the current value per 
unit area, that is, the current density of the light emitting 
element. It is, therefore, important for uniforming the 
brightness and improving display quality to set the cur- 
rent density with good accuracy. 
[0003] FIG. 6 is a circuit block diagram illustrating 
an example of an organic EL light emitting element of 
the dot matrix type. As illustrated in FIG. 6, in the case 
of using the EL light emitting elements each having a 
constant area like those of the dot matrix type, while dis- 
play rows are selected by sink type row drivers 4, all pix- 
els can be driven by a single constant current reference 
source 1 and a plurality of constant current drivers (that 
is, source type column drivers) 2a, 2b, 2c, .... 2n. Inci- 
dentally, in FIG. 6, reference numeral 3 designates each 
of the organic EL light emitting elements. 
[0004] Incidentally, in addition to the dot matrix dis- 
play apparatus, a fixed segment display apparatus has 
been generally known. Despite the constraint that a dis- 
play pattern is fixed, this fixed segment display appara- 
tus has advantages in that the display apparatus of this 
type can display edge portions of curves more beauti- 
fully than the display apparatus of the dot matrix type, 
and that the EL light emitting elements are easily manu- 
factured because of a small number of steps of a man- 
ufacturing process thereof. Thus, the fixed segment 
display apparatus is effectively used in relatively low 
cost equipment and in field requiring display quality. 
[0005] Unlike the dot matrix display apparatus, the 
areas of individual pictures (or segments) differ from 
one another in the fixed segment display apparatus. 
Thus, the current values of the driving currents of indi- 
vidual segments differ from one another. Therefore, 
aplurality of constant current reference sources are 
needed for causing the segments to emit light with the 
same brightness. 

[0006] FIG. 7 is a circuit block diagram illustrating a 
conventional fixed segment display apparatus. In this 
apparatus, a plurality of constant current reference 

sources 5a, 5b, 5c 5n supply constant currents to 

constant current drivers 6a, 6b, 6c, .... 6n, respectively. 
Thus, each of organic EL light emitting segments 7a, 7b, 
7c, 7n is driven. 

[0007] Thus, in the fixed segment display appara- 



11 339 A2 ^ 

tus, the display pattern varw^ith the segments. Fur- 
ther, the number of the segments and the areas of the 
segments vary with apparatuses to which the display 
pattern is applied. Therefore, it is not preferable from the 

5 viewpoint of standardization of the display apparatus to 
fix a set value of each of the preliminarily prepared con- 
stant current sources 5a, 5b, 5c, .... 5n for a drive device 
consisting of the constant current reference sources 5a, 
5b, 5c, 5n and the current drivers 6a, 6b, 6c, .... 6n. 

io Consequently, this conventional display apparatuses 
have a drawback in that a drive device should be cus- 
tom-designed for each of the display apparatuses. 
Moreover, the use of the plurality of constant current ref- 
erence sources 5a, 5b, 5c 5n itself hinders the 

t5 enhancement of the area efficiency of the circuit. 

[0008] Incidentally, it is possible to use a constant 
voltage circuit instead of the drive circuit shown in FIG. 
7 and parallel-connect all the organic EL tight emitting 
elements with the constant voltage circuit. In this case, 

20 the custom-designed constant current reference 
sources are unnecessary. Consequently, the area effi- 
ciency of the circuit can be enhanced. 
[0009] However, generally, according to the volt- 
age-current characteristic of the organic EL light emit- 

25 ting element, change in the current increases 
exponentially with increase in the voltage, as illustrated 
in FIG. 8. Thus, in the case of the drive circuit using the 
constant voltage circuit, even when a small error occurs 
in the constant voltage, the current density may largely 

30 change. Consequently, there is a fear that the bright- 
ness of the organic EL light emitting element largely 
changes, and the display quality is deteriorated. It is, 
therefore, necessary to precisely adjust the voltage sup- 
ply. Consequently, the provision of a more complex volt- 

35 age stabilization circuit is needed. Especially, in the 
case that organic EL light emitting elements in an auto- 
mobile instrument panel are driven by being supplied 
with power from an automobile battery, there is the 
necessity for applying voltages to drive loads other than 

40 a power steering device and a power window device. 
Thus, there has been a problem of how to achieve the 
stabilization of a supply voltage. 
[0010] Additionally, the resistance value of the 
organic EL light emitting element may change owing to 

45 the deterioration thereof and to the influence of the 
ambient temperature, so that the driving current 
changes. Consequently, there has been a problem of 
how to stabilize the brightness of the organic EL light 
emitting element. 

so 

SUMMARY OF THE INVENTION 

[0011] In view of the problems of the conventional 
example, in the Japanese Patent Application No. 10- 
55 301 188, the Applicants of the present application have 
proposed a display element drive device (namely, a pro- 
posed device example), which serves as a display ele- 
ment drive circuit enabled to increase the area 
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efficiency of the circuit, and^^^dapted to standardi- 
zation, and to cause small change in the luminance 
brightness of display elements when the display ele- 
ments are supplied with power from an automobile bat- 
tery that is relatively liable to bring about voltage 5 
variation, and to stably maintain the luminance bright- 
ness even when the resistance value of the display ele- 
ment changes owing to the deterioration thereof, and to 
have excellent durability. 

[0012] In this proposed device example, as illus- 10 
trated in FIGS. 9 and 10, a plurality of fixed segment 
organic EL display elements 11a to 11n are parallel- 
connected to one another, and a stabilization voltage is 
supplied to the parallel circuit. Thus, the plurality of con- 
ventional drive reference sources (namely, the current is 
sources) needed owing to the difference in the area 
among the segments are omitted. Moreover, the seg- 
ments are allowed to have the same brightness. 
[0013] Further, to deal with variation in characteris- 
tics and aged deterioration in the voltage-driven case, 20 
the device has a current detecting means 31 (a drive 
state detecting means) for detecting the current value of 
electric current supplied to one specific organic EL dis- 
play element (hereunder referred to as "reference 
organic EL display elements") 1 1 z (reference light emit- 25 
ting element) other than the organic EL display ele- 
ments 11a to 11n, and for outputting a current value 
signal adapted to change according to the electric cur- 
rent value, a voltage control circuit 32 for converting a 
current value signal, which is received from the current 30 
detecting means 31 , into a stabilization voltage adjust- 
ment signal, and a stabilization voltage supply circuit 33 
for converting a voltage Vin, which is supplied from an 
astable battery power supply (+B), Into a constant stabi- 
lization voltage Vout. 35 
[001 4] Incidentally, the reference organic EL display 
element 11z is connected to the current detecting 
means 31, and supplied with electric current from the 
current detecting means 31 . On the other hand, other 

organic EL display elements 11a 1 1n are supplied 40 

with electric current through predetermined switching 
circuits 15 (15a to 15n), as illustrated in FIG. 10. 
[001 5] Each of the switching circuits 1 5 (1 5a to 1 5n) 
has a PNP transistor Q6 for supplying driving currents 
la to In to the organic EL display elements 1 1a to 1 1n, 45 
and an NPN transistor Q5 for switching on and off the 
transistor PNP. The base of the PNP transistor Q6 is 
connected to the collector of the NPN transistor Q5 
through a resistor R5. Moreover, the base of the NPN 
transistor Q5 is connected to the control portion 13 so 
through a resistor R4. Furthermore, the emitter of the 
NPN transistor Q5 is grounded. These switching circuits 
15 (15a to 15n) are parallel-connected to one another. 
Further, a common stabilization voltage Vout is applied 
to the switching circuits 15 (15a to 15n). Incidentally, as ss 
illustrated in FIG. 9, each of the switching circuits 15 
(15a to 15n) is switched on and off according to a 
switching signal outputted from the control portion 13. 
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[0016] The currenf^^cting means 31 is used for 
detecting the driving state of a single reference organic 
EL display element 11 z by sensing the current value of 
electric current supplied to the reference organic EL dis- 
play element Further, the current detecting means 13 
has a single current detector Rref, a single operational 
amplifier A-2, and four resistors Rf 1 , Rf2, Rf3 and Rs 
interposed between the reference organic EL display 
element 11z and the stabilization voltage supply circuit 
33. 

[0017] The inverting input terminal of the opera- 
tional amplifier A-2 is connected to the resistor so that 
an output of the operational amplifier A-2 is negative-fed 
back thereto. The inverting input terminal is also con- 
nected to the connecting point between the resistor Rf 1 
and the reference organic EL display element 1 1z. Fur- 
ther, the noninverting input terminal of the operational 
amplifier A-2 is connected to the connecting point 
between the current detecting resistor Rref and the sta- 
bilization voltage supply circuit 33 through the resistor 
Rs, and grounded through the resistor Rf3. With such a 
circuit configuration, the operational amplifier A-2 func- 
tions as a differential amplifier for converting a voltage 
developed across the current detecting resistor Rref into 
a current value signal V. 

[0018] Incidentally, a pair of resistors Rf3 and Rs 
connected to the noninverting input terminal of the oper- 
ational amplifier A-2 serves as voltage divider resistors 
for generating a partial voltage of the stabilization volt- 
age Vout (Rrefxlref). Let Iref designate electric current 
flowing through the current detecting resistor Rref. 
Moreover, let a denote a dividing ratio (=Rf3/Rs), at 
which the stabilization voltage is divided by using the 
voltage dividing resistors Rf3 and Rs. Furthermore, in 
the case that Rf2 = Rs (namely, a = Rf3/Rf2 ), and that 
Rf 1 m Rf3 , the current value V represented by the cur- 
rent value signal is expressed by the equation (1): 



V = (Rf3/Rf2) x Rref x Iref 
= a x Rref x Iref 



(D 



[0019] Further, the resistance value of the current 
detecting resistor Rref is set in such a manner as to be 
sufficiently small value in comparison with the resist- 
ance values of the segments Rz, Ra, Rb, .... Rn (Rm) of 
the segments (namely, the organic EL display elements 
11z, 11a to 11n). Moreover, Iref •Rref is set in such a 
way as to be nearly equal to the forward voltage of the 
PNP transistor Q6 turned on and provided in each of the 
switching circuits 15 (15a to 15n), voltages respectively 
applied to the reference organic EL display element 1 1z 
and other segments (namely, the organic EL display 
elements 11a, .... 1 1n) can be made to be almost equal 
to one another. 

[0020] The voltage control circuit 32 consists of a 
single operational amplifier A-1. a single resistor R1, 
and a Zener diode ZD1 serving as a single constant 
voltage element. The noninverting input terminal of the 
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operational amplifier A-1 is corfl^^b to the cathode of 
the Zener diode ZD1 and grounded through the Zener 
diode ZD1. Further, the inverting input terminal of the 
operational amplifier A-1 is connected to the current 
detecting means 31. Furthermore, the operational 5 
amplifier A-1 is adapted to control an output thereof so 
that the voltage V (= a x Rref x Iref) applied from the 
current detecting means 31 to the noninverting input ter- 
minal thereof is made to be approximately equal to the 
backward voltage Vz provided thereto by being con- 10 
nected to the Zener diode ZD1. Further, the cathode of 
the Zener diode ZD1 is connected to the battery power 
supply (+B) through the resistor R11. Incidentally, the 
operational amplifier A-1 is adapted to ensure a positive 
power value of an output thereof, which value is suffi- 15 
cient to the extent that the transistor Q1 1 can output the 
voltage Vout at all times. 

[0021] The stabilization voltage supply circuit 33 is 
practically constituted by a single NPN transistor Q11. 
Further, the circuit 33 converts the voltage Vin, which is 20 
supplied from the battery power supply (+B), to the sta- 
bilization voltage Vout serving as emitter potential, 
according to base potential provided from the voltage 
control circuit 32 to the circuit 33. Then, the circuit 33 
outputs the voltage Vout to the switching circuits 1 5 (1 5a 25 
to 1 5n) and the current detecting resistor Rref of the cur- 
rent detecting means 31 . 

[0022] In the case of the proposed device example 
of the aforementioned configuration, first, when the volt- 
age Vin is supplied from the battery power supply (+B) 30 
through the resistor R1 1 to the Zener diode ZD1 serving 
as a constant voltage element, the voltage at the nonin- 
verting input terminal of the operational amplifier A-1 of 
the voltage control circuit 32 is fixed by the Zener diode 
ZD1 at a constant voltage Vz. The operational amplifier 35 
A-1 outputs a stabilization adjustment signal, which is 
used for equalizing the voltage V to the constant voltage 
Vz, according to the voltage V(= a • Rref • Iref) sup- 
plied to the inverting input terminal thereof from the cur- 
rent detecting means 31 and to the constant voltage Vz. 40 
[0023] The stabilization voltage supply circuit 33 
(Q1 1) converts the instable power supply voltage Vin to 
the constant stable voltage Vout in response to a stabi- 
lization voltage adjustment signal outputted from the 
voltage control circuit 32. 45 
[0024] At that time, in the case that the stabilization 
voltage Vout is supplied to the parallel connecting points 
in the organic EL display elements 1 1 z, and 1 1 a to 1 1 n, 
the application voltage (namely, the stabilization voltage 
Vout) is equally applied to all the segments (namely, the so 
organic EL display elements 11z, 11a to 11n). Thus, 
electric currents Im (Iref, la, lb, .... In) each having a cur- 
rent value, which is in inverse proportion to the resist- 
ance values Rm of the segments, flow therethrough. In 
this way, the currents are automatically adjusted so that ss 
the current density becomes constant correspondingly 
to the area of each of the segments. Consequently, the 
luminance brightnesses of all the segments (namely, 
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the organic EL display elSWfts 1 1z, 11a to 1 1n) are 
stabilized without being affected by variation in the 
power supply voltage Vin. 

[0025] Meanwhile, generally, the resistance values 
of the organic EL display elements 1 1 a to 1 1 n, 1 1 z are 
changed owing to the deterioration of the display ele- 
ments, which is caused over years of use, and to the 
change in the ambient temperature. However, in the 
case that the voltage to be applied to the organic EL dis- 
play elements 1 1a to 1 1n, 1 1z is maintained at a fixed 
value, the current values of currents flowing through the 
organic EL display elements 11a to 11n, 11z change. 
This results in variation in the luminance brightness. 
[0026] However, even in such a case, in this pro- 
posed device example, the luminance brightness of 
each of the organic EL display elements 1 1 a to 1 1 n, 1 1 z 
is stably maintained by adjusting the voltage Vout 
according to the change in the resistance value of each 
of the elements 11a to 11n, 11z. 
[0027] That is, the operational amplifier A-2 of the 
current detecting means 31 functions as a differential 
amplifier for converting a voltage developed across the 
current detecting resistor Rref into a current value signal 
V. Further, the operational amplifier A-2 outputs the cur- 
rent value signal V according to the equation (1 ) to the 
voltage control circuit 32. Moreover, as described 
above, a stabilization adjustment signal for equalizing 
the voltage V (= a • Rref • Iref), which is supplied from 
the current detecting means 31 to the inverting input ter- 
minal, to the constant voltage value Vz is outputted by 
the operational amplifier A-1 of the voltage control cir- 
cuit 32. The stabilization voltage supply circuit 33 (A1 1 ) 
adjusts the voltage value of the stabilization voltage 
Vout according to an output of the voltage control circuit 
32. That is, when the resistance (Rz) of the reference 
organic EL display element 11 z lowers owing to the 
deterioration of the elements, the voltage Vout lowers. 
Conversely, when the resistance (Rz) rises, the voltage 
Vout rises. Needless to say, after the change in the 
resistance (Rz), the voltage control is performed so that 
the voltage V is stably maintained at a value of Vout 
even when the power supply voltage Vin changes. 
[0028] Thus, even when the resistance (Rz) of the 
reference organic EL display element 11z changes 
owing to the deterioration thereof, the voltage Vout 
applied to each of the switching circuits 15 (15a to 15n) 
and the current detecting resistance Rref is adjusted, so 
that electric current supplied to each of the organic EL 
display elements 11a to 11n is stabilized thereby to 
maintain the brightness thereof at a constant value. 
[0029] Incidentally, in the case that all the organic 
EL display elements 11z, 11a to 11n have nearly the 
same voltage-current characteristics and changes 
thereof with time, even when the internal resistances 
(Rz, Ra, Rb, .... Rn) of the segments change owing to 
the variation in the characteristics, the voltage Vout is 
controlled so that each of the driving currents Iref, la, lb, 
In has a constant current value. Thus, change in the 
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brightness of each of the disj^^iements is small, in 
comparison with that In the case of employing a simple 
constant voltage driving method. Further, the difference 
In brightness among the segments Is decreased. 
[0030] Generally, when the organic EL display ele- 
ments deteriorate with time, leakage current may 
abruptly increase In a part of segments. Thus, at an 
occurrence of an abnormal condition, such as an abrupt 
increase in leakage current, display segments, in each 
of which the abnormal condition occurs, stop emitting 
light. Moreover, an amount of heat generated by the wir- 
ing resistance of transparent electrodes of each of the 
organic EL display elements is increased. The gener- 
ated heat adversely affects not only such abnormal dis- 
play segments but also other normal display segments. 
Thus, the deterioration of the organic light emitting lay- 
ers of surrounding display segments is promoted. Fur- 
thermore, the leakage current becomes an overcurrent, 
so that various kinds of drive circuits for driving display 
segments are destroyed. Thus, such destruction of the 
drive circuits may bring the entire EL display apparatus 
into an inoperative condition. The proposed device 
example cannot prevent an occurrence of such an inop- 
erative condition thereof. Consequently, there is the 
necessity for improving the proposed device example. 
[0031] Accordingly, the problem to be solved by the 
present invention is to provide a display element drive 
device adapted to impose certain limits on driving cur- 
rents, which are supplied to display segments, even 
when the display segments are partly deteriorated and 
leakage current increases, thereby to contribute to the 
prevention of heat generation and destruction of various 
kinds of drive circuits. 

[0032] To solve the foregoing problems, according 
to a first aspect of the present invention, there is pro- 
vided a display element drive device for driving a single 
EL display element or a plurality of EL display elements 
parallel-connected to one another, which comprises a 
single stabilization voltage supply circuit for applying a 
stabilization voltage to the EL display element, a refer- 
ence EL display element parallel-connected to the EL 
display element, driving state detecting means for 
detecting a driving state and for changing an output sig- 
nal according to the driving state, a voltage control cir- 
cuit for controlling a constant voltage by supplying a 
stabilization voltage adjustment signal to the stabiliza- 
tion voltage supply circuit according to the output signal 
of the driving state detecting means so that the driving 
state of the reference EL display element is constant, 
and a switching circuit for switching between application 
and disapplication of the stabilization voltage to the EL 
display element In the device, at least one of the stabi- 
lization voltage supply circuit and the switching circuit 
has a transistor for supplying a driving current to the EL 
display element. The transistor is connected to a current 
detecting element for detecting a collector current of the 
transistor, and to a bias suppressing element for reduc- 
ing a base-emitter bias of the transistor by on-switching 
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when the current detectl^Pthe current detecting ele- 
ment rises to a certain abnormal level owing to leakage 
current of the EL display element. 
[0033] According to a second aspect of the present 
invention, there is provided a display element drive 
device for driving a single EL display element or a plu- 
rality of EL display elements parallel-connected to one 
another, which comprises a single stabilization voltage 
supply circuit for applying a stabilization voltage to the 
EL display element, a reference EL display element par- 
allel-connected to the EL display element, a control por- 
tion for detecting a driving state and for changing a 
control signal, which is used to control the stabilization 
voltage, according to the driving state, a voltage control 
circuit for controlling a constant voltage by supplying a 
stabilization voltage adjustment signal to the stabiliza- 
tion voltage supply circuit according to the control signal 
outputted from the control portion so that the driving 
state of the reference EL display element is constant, 
and a switching circuit for switching between application 
and disapplication of the stabilization voltage to the EL 
display element. In the device, the switching circuit is 
adapted to perform on-off switching according to a 
switching signal sent from the control portion. The stabi- 
lization voltage supply circuit has a stabilization voltage 
supply element for adjusting an output level of the stabi- 
lization voltage according to the stabilization voltage 
adjustment signal supplied from the voltage control cir- 
cuit, and further has a current detecting element for 
detecting a current outputted from the stabilization volt- 
age supply element. The control portion has a function 
of outputting to the switching circuit a switching signal 
for applying the stabilization voltage to the EL display 
element by on-switching of the switching circuit. The 
control portion further has a function of judging that 
leakage current of the EL display element abnormally 
increases, and changing the control signal to thereby 
limit the output level of the stabilization voltage output- 
ted from the stabilization voltage supply element when 
the current detected by the current detecting element 
rises to an abnormally high level in comparison with a 
level of a driving current needed for driving the EL dis- 
play element to emit light in a case that the on-switching 
of the switching circuit is performed in response to the 
switching signal. 

BRIEF DESCR IPTION OF THE DRAWINGS 



[0034] 



FIG. 1 is a circuit diagram illustrating a display ele- 
ment drive device according to a first embodiment 
of the present invention. 

FIG. 2 is a circuit diagram illustrating a display ele- 
ment drive device according to a second embodi- 
ment of the present invention. 
FIG. 3 is a block diagram illustrating a display ele- 
ment drive device according to a third embodiment 
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of the present invention. 




FIG. 4 is a circuit diagram illustrating the internal 
configuration of a current-voltage converting circuit 
in the display element drive device according to the 
third embodiment of the present invention. 
FIG. 5 is a diagram illustrating a conventional dis- 
play element drive device. 

FIG. 6 is a diagram illustrating a conventional dis- 
play element drive device. 

FIG. 7 is a diagram illustrating a conventional dis- 
play element drive device. 

FIG. 8 is a graph illustrating the relation between 
the applied voltage and the current density of an EL 
display element 

FIG. 9 is a block diagram illustrating a display ele- 
ment drive device that is a proposed device exam- 
ple and the first embodiment. 
FIG. 10 is a circuit diagram illustrating the display 
element drive device of the proposed device exam- 
ple. 

PETAHEP PE SQRIPTIQN O F THE PREFERREP 
EMTOPIMENTS 

(First Embodiment) 

Configuration ) 

[0035] FIG. 1 is a circuit diagram illustrating a dis- 
play element drive device according to a first embodi- 
ment of the present invention. Incidentally, in FIG. 1 , like 
reference characters designate constituent elements 
each having the same functions as those of like constit- 
uent elements of the proposed device example illus- 
trated in FIG. 10. 

[0036] The display element drive device employs a 
constant voltage driving method as a method of driving 
a plurality of fixed segment organic EL display elements 
1 1 a to 1 1 n as shown in FIG. 1 . Thus, a plurality of con- 
ventional driving reference sources (current sources) 
needed due to the difference among the areas of the 
display elements in the conventional device are omitted. 
Moreover, the segments are adapted to have the same 
brightness. Especially, the stabilization voltage Vout to 
be supplied to the organic EL display elements 1 1 a to 
11n is eventually suppressed by providing a transistor 
(namely, a bias suppressing element) Qa and a current 
sensing resistor (namely, a current detecting element) 
Ras between the base and emitter of an NPN transistor 
(namely, a switching element) Q1 1 of the stabilization 
voltage supply circuit 33, so that when leakage current 
of a given segment increases, the voltage developed 
across the current sensing resistor Ras increases, that 
thus the transistor Qa is turned on, and that the base- 
emitter bias of the NPN transistor (namely, the switching 
element) Q1 1 is lowered. 

[0037] Similarly as the proposed device example 
illustrated in FIG. 9, to deal with variation in characters- 
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tics and secular changes tm^Kf in the case of applying 
a constant voltage to the EL display elements, the dis- 
play element drive circuit of this embodiment comprises 
a current detecting means 31 (namely, a driving state 
5 detecting means) for detecting the current value Iref of 
electric current supplied to a specific organic EL display 
element (hereunder referred to as "reference organic 
EL display element") 11z (namely, a reference light 
emitting element) other than the organic EL display ete- 
w ments 1 1 a to 1 1 n, and for outputting a current value sig- 
nal varying according to the current value Iref, a voltage 
control circuit 32 for converting a current value signal 
received from the current detecting means 31 into a sta- 
bilization voltage adjustment signal, and a stabilization 
is voltage supply circuit 33 for converting a voltage Vin 
supplied from an instable battery power supply (+B) into 
a constant stabilization voltage Vout according to a sta- 
bilization voltage adjustment signal received from the 
voltage control circuit 32. 
20 [0038] Incidentally, the individual organic EL display 
elements 1 1 a to 1 1 n serving as display segments may 
differ from one another in the display area thereof. In 
this case, each of appropriate driving currents la to In 
for a corresponding one of the organic EL display ele- 
25 ments 11a to 11 n is in proportion to the area of an 
anode electrode thereof. In this embodiment, the 
organic EL display elements 11a to 11n and the refer- 
ence organic EL display element 11z are parallel-con- 
nected to the stabilization voltage Vout. Even when the 
30 organic EL display elements 1 1a to 1 1 n and 1 1z have 
differ from one another in the display area, each of the 
organic EL display elements is adapted to be supplied 
with a corresponding one of the driving currents la to In, 
Iref, which is appropriate for the display area thereof. 
35 [0039] Incidentally, the configurations of the organic 
EL display elements 1 1a to 1 1 n, 1 1z, the switching cir- 
cuits 15 (15a to 15n), the current detecting means 31, 
and the voltage control circuit 32 are similar to those of 
such components of the proposed device example 
40 shown in FIG. 10. Therefore, the descriptions thereof 
are omitted herein. 

[0040] The stabilization voltage supply circuit 33 
practically comprises a single NPN transistor Q11, a 
current sensing resistor Ras, disposed at the side of the 
45 emitter of the NPN transistor Q11, for detecting a 
change in a total current Ix on outputting the stabiliza- 
tion voltage Vout, and an NPN transistor Qa, placed 
between the base and emitter of the NPN transistor 
Q11, for on-switching when the voltage developed 
so across the current sensing resistor Ras increases. 

[0041] The NPN transistor Q1 1 serves as a switch- 
ing element that is operative to convert the voltage Vin 
supplied from the battery power supply (+B) into the sta- 
bilization voltage Vout serving as emitter potential 
55 thereof according to base potential provided from the 
voltage control circuit 32, and that outputs the voltage 
signal Vout to all the switching circuits 15 (15a to I5n) 
and the current detecting resistor Rref of the current 
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detecting means 31 . 
[0042] When leakage current of a given one of the 
organic EL display elements 11a to Hn increases, the 
total current Ix flowing through the current sensing 
resistor Ras increases. Thus, the current sensing resis- 5 
tor Ras is adapted to increase the drop voltage therea- 
cross at that time. 

[0043] The NPN transistor Qa has a base con- 
nected to the emitter of the NPN transistor Q1 1 and a 
terminal of the current sensing resistor Ras, and also w 
has a collector connected to the base of the NPN tran- 
sistor Q1 1 , and further has an emitter connected to the 
other terminal of the current sensing resistor Ras. The 
NPN transistor Qa is held in an off-state in the case that 
the drop voltage (Rasxlx) across the current sensing 15 
resistor Ras is less than a predetermined value. Fur- 
ther, the base-emitter bias of the NPN transistor Q1 1 is 
lowered by the on-switching of the transistor when the 
drop voltage (Rasxlx) increases. Consequently, the out- 
put voltage Vout and the total current Ix of electric cur- 20 
rent flowing through the organic EL display elements 
1 1a to 1 1z are suppressed. Incidentally, when the NPN 
transistor Qa is turned on, the collector current of the 
NPN transistor Qa flows out and joins the current Ix. 
Resultant current is supplied to each of the organic EL 25 
display elements 1 1 a to 1 1 z. Thus, strictly speaking, a 
total current value of the driving currents of the organic 
EL display elements 11a to 11z is more than Ix. How- 
ever, when the NPN transistor Qa is turned on, the volt- 
age developed across the current sensing resistor Ras 30 
falls, with the result that the NPN transistor Qa is turned 
off again. Such an operation is repeated, so that the col- 
lector current of the NPN transistor Qa is suppressed to 
a low level that is negligible in comparison with the total 
current Ix. 35 
[0044] When the voltage Vin supplied from the bat- 
tery power supply (+B) is applied through the resistor 
R1 1 to the cathode of the Zener diode ZD1 acting as the 
constant voltage element in the display element drive 
circuit of the aforementioned configuration, the voltage 40 
at the noninverting input terminal of the operational 
amplifier A-1 of the voltage control circuit 32 is fixed at a 
constant voltage Vz by the Zener diode ZD1. At that 
time, the operational amplifier A-1 outputs a stabiliza- 
tion adjustment signal, according to which the voltage 45 
V(= a • Rref • Iref) is equalized almost to the constant 
voltage Vz. 

[0045] The stabilization voltage supply circuit 33 is 
operative to convert the instable power supply voltage 
Vin into the constant stabilization voltage Vout accord- so 
ing to the stabilization voltage adjustment signal sent 
from the voltage control circuit 32, and to then output 
the voltage Vout 

[0046] In the case that each of the organic EL dis- 
play elements 1 1a to 1 1n is in a normal state and thus ss 
the total current Ix flowing through the current sensing 
resistor Ras is less than a certain level at that time, the 
drop voltage (Rasxlx) across the current sensing resis- 
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tor Ras is less than a^PGdetermined value. Conse- 
quently; the NPN transistor Qa is held in an off-state. 
[0047] Incidentally, when the stabilization voltage 
Vout is applied to the parallel connecting points in the 
organic EL display elements 1 1z t 1 1a to 1 1 n, the appli- 
cation voltage (namely, the stabilization voltage Vout) is 
equally applied to all the segments (namely, the organic 
EL display elements 11 z, 11a to 11n). Thus, electric 
currents Im (Iref, la, lb, In) each having a current 
value, which is in inverse proportion to the resistance 
values Rm of the segments/flow therethrough. In this 
way, the currents are automatically adjusted so that the 
current density becomes constant correspondingly to 
the area of each of the segments is constant. Conse- 
quently, the luminance brightnesses of all the segments 
(namely, the organic EL display elements Hz, 11a to 
1 1n) are stabilized without being affected by variation in 
the power supply voltage Vin. 

[0048] Meanwhile, when the resistance values of 
the organic EL display elements 11a to 11n, 11z are 
changed owing to the deterioration of the display ele- 
ments, which is caused over years of use, and to the 
change in the ambient temperature, the value of the 
voltage Vout is adjusted, similarly as in the case of the 
proposed device example. That is, the operational 
amplifier A-2 of the current detecting means 31 func- 
tions as a differential amplifier for converting the voltage 
developed across the current detecting resistor Rref into 
a current value signal V. Further, the operational ampli- 
fier A-2 outputs the current value signal V according to 
the equation (1) to the voltage control circuit 32. Fur- 
thermore, as described above, a stabilization adjust- 
ment signal for equalizing the voltage V (= a • Rref • 
Iref), which is supplied from the current detecting means 
31 to the inverting input terminal, nearly to the constant 
voltage value Vz is outputted by the operational ampli- 
fier A-1 of the voltage control circuit 32. 
[0049] When the total current Ix flowing through the 
current sensing resistance Ras is less than a certain 
level, the NPN transistor Qa is held in an off-state, as 
described above. Thus, the stabilization voltage supply 
circuit 33 adjusts the voltage value of the stabilization 
voltage Vout according to an output of the voltage con- 
trol circuit 32. That is, when the resistance (Rz) of the 
reference organic EL display element 11z lowers, the 
voltage Vout lowers. Conversely, when the resistance 
(Rz) rises, the voltage Vout rises. Thus, the current flow- 
ing through the organic EL display elements 11 a to 1 1 n 
is stabilized, and the brightness thereof can be main- 
tained at a constant level. 

[0050] When leakage current is generated by the 
partial deterioration of the organic EL display elements 
11ato 11n, 11zin the state, and the total current Ix flow- 
ing through the current sensing resistor Ras increases 
in such a manner as to be equal to or more than a cer- 
tain level, the drop voltage (Rasxlx) increases. Thus, 
the base-emitter bias of the NPN transistor Q1 1 is low- 
ered by the on-switching of the transistor. Consequently, 
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the output voltage Vout and t"MW current Ix of elec- 
tric current flowing through the organic EL display ele- 
ments 11a to 11z are suppressed. Incidentally, when 
the NPN transistor Qa is turned on, the collector current 
of the NPN transistor Qa flows out and joins the current 5 
Ix. Resultant current is supplied to each of the organic 
EL display elements 1 1a to 1 1z. Thus, strictly speaking, 
a total current value of the driving currents of the 
organic EL display elements 1 1 a to 1 1 z is more than Ix. 
However, when the NPN transistor Qa is turned on, the w 
voltage developed across the current sensing resistor 
Ras falls, with the result that the NPN transistor Qa is 
turned off again. Such an operation is repeated, so that 
the collector current of the NPN transistor Qa is sup- 
pressed to a low level that is negligible in comparison 15 
with the total current Ix. 

[0051] Thus, even when the organic EL display ele- 
ments 1 1 a to 1 1 n are partly deteriorated and thus the 
magnitude of leakage current increases, heat genera- 
tion and destruction of components owing to heat and 20 
overcurrent are prevented by imposing certain limits on 
the total driving current Ix supplied to the organic EL 
display elements 1 1a to 1 1z. 

(Second Embodiment) 25 
Configuration) 

[0052] FIG. 2 is a circuit diagram illustrating a dis- 
play element drive device according to a second 30 
embodiment of the present invention. Incidentally, in 
FIG. 2, like reference characters designate constituent 
elements each having the same functions as those of 
like constituent elements of the first embodiment. 
[0053] In the case of the first embodiment, when at 35 
least one of the organic EL display elements 1 1 a to 1 1 n 
is defective, the output voltage Vout is suppressed and 
lowered during the defective one of the organic EL dis- 
play elements 11a to 11 n emits light, as described 
above. Thus, the first embodiment is advantageous in 40 
that the generation of overcurrent is prevented in the 
case that the defective one of the organic EL display 
elements 11a to 11n singly emits light. However, in the 
case that other normal organic EL display elements 11a 
to 1 1 n are driven, simultaneously with the driving of the 45 
defective one of the organic EL display elements 1 1a to 
1 1 n, the drop of the output voltages Vout affects the 
driving operation of the normal ones of the organic EL 
display elements 11a to 11n emitting light. Thus, the 
luminance brightness of the entire display apparatus so 
may be lowered. 

[0054] Thus, as illustrated in FIG. 2, in the display 
element drive device of this embodiment, a PNP transis- 
tor (or bias suppressing element) Qas and a current 
sensing resistor (or current detecting element) Ras are 55 
connected between the base and emitter of each of 
PNP transistors (or switching elements) Q6 of the 
switching circuits 15 respectively corresponding to the 
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individual organic EL disfJI^Fements 11a to 11 n. Con- 
sequently, the driving currents la to In of the organic EL 
display elements 11a to 11n can be individually sup- 
pressed. 

[0055] The PNP transistors Q6 are operative to 
switch on and off the supply of the current la to In flow- 
ing from the stabilization supply circuit 33 to the organic 
EL display elements 1 1a to 1 1n. Each of the NPN tran- 
sistors Q5 is turned on according to a selection signal 
provided from the control portion 13 of FIG. 9 through 
the resistor R4. In response to this, the base potential of 
the PNP transistor Q6 connected to the collector of the 
NPN transistor Q5 through the resistor R5 becomes 
low. Then, the state of the PNP transistor Q6 is changed 
into an on-state. 

[0056] The current sensing resistor Ras is adapted 
so that the drop voltage developed thereacross 
increases in the case that the leakage current of a cor- 
responding one of the organic EL display elements 11a 
to 1 1 n increases and the corresponding one of the driv- 
ing currents 1 1a to 1 tn rapidly increases when a corre- 
sponding one of the driving currents la to In flows 
therethrough during the corresponding PNP transistor 
Q6 is in an on-state. 

[0057] The PNP transistor Qas is held in an off- 
state in the case that the drop voltage (Rasxlx) across 
the current sensing resistor Ras is less than a predeter- 
mined value. Further, the base-emitter bias of the PNP 
transistor Q6 is lowered by the on-switching of the tran- 
sistor when the drop voltage increases. Consequently, 
the driving currents la to In flowing through the organic 
EL display elements 1 1 a to 1 1z are suppressed. 
[0058] The rest of the configuration of this embodi- 
ment is simitar to the corresponding part of the pro- 
posed drive example. 

[0059] The display element drive circuit of this 
embodiment current-limits each of the organic EL dis- 
play elements 1 1 a to 1 1 z by suppressing the base-emit- 
ter voltage of the switching element Q6 of a 
corresponding one of the switching circuits 15a to 15n. 
Thus, even when the defective ones of the organic EL 
display elements 11a to 11z and other normal ones 
thereof are simultaneously driven and emit light, the sta- 
bilization voltage Vout can be maintained at a constant 
value. Moreover, overcurrent can be prevented corre- 
spondingly to each of the organic EL display elements 
1 1 a to 1 1 n. As compared with the first embodiment, the 
second embodiment can prevent the defective ones of 
the organic EL display elements 11a to 11n from 
adversely affecting the normal ones thereof. 

(Third Embodiment) 

Configuration > 

[0060] FIG. 3 is a circuit diagram illustrating a dis- 
play element drive device according to a third embodi- 
ment of the present invention. Incidentally, in FIG. 3, like 
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reference characters desig^^Jconstftuent elements 
each having the same functions as those of like constit- 
uent elements of the first and second embodiments. 
[0061 ] The display element drive device of the third 
embodiment sets current limit values as being variable s 
according to the turned-on states of the organic EL dis- 
play elements 1 1 a to 1 1 n. 

[0062] Practically, the display element drive device 
of this embodiment is adapted so that a control signal is 
provided from the control portion 41, which uses a w 
microcomputer chip having a CPU, a ROM, and a RAM, 
and that the stabilization voltage Vout supplied from the 
stabilization voltage supply circuit 33 is controlled 
according to the control signal. More particularly, the 
drive device is adapted so that the control portion 41 15 
detects a driving current Iref flowing through a first cur- 
rent-voltage converting circuit 38 interposed between 
the reference organic EL display element 11z and the 
stabilization voltage supply circuit 33, that a second cur- 
rent-voltage converting circuit detects a sum total 20 
(namely, the total current Ix) of the driving currents la to 
In, and Iref flowing therethrough when the stabilization 
voltage Vout is applied thereto, and that both the voltage 
control circuit 32 and the stabilization voltage supply cir- 
cuit 33 are controlled according to results of both the 25 
detection operations. 

[0063] The voltage control circuit 32 comprises a 
single operational amplifier 43, and a pair of voltage 
dividing resistors 45 and 47 for detecting the voltage 
level of the stabilization voltage Vout supplied from the 30 
stabilization voltage supply circuit 33. Further, the con- 
trol signal supplied from the control portion 41 is input- 
ted to the noninverting input terminal of the operational 
amplifier 43. Thus, the circuit 32 is controlled by the 
control portion 41 . Moreover, a signal representing the 35 
potential at the connecting point between both the volt- 
age dividing resistors 45 and 47 is inputted to the invert- 
ing input terminal of the operational amplifier 43 thereby 
to prevent a change in the stabilization voltage Vout. 
Thus, the luminance brightnesses of all the segments 40 
(namely, the organic EL display elements 11z, 11a to 
11 n) are stabilized without being affected by variation in 
the power supply voltage Vin. 

[0064] The stabilization voltage supply circuit 33 
practically comprises a single NPN transistor (namely, a 45 
stabilization voltage supply element) Q1 1 , and a second 
current-voltage converting circuit 39, connected to the 
output side of the NPN transistor Q1 1 , for detecting an 
amount of the total current Ix outputted from the NPN 
transistor Q1 1 . The stabilization voltage Vout is output- so 
ted by the voltage drop in the transistor Q1 1 and the 
second current-voltage converting circuit 39. Especially, 
the NPN transistor Q1 1 is operative to adjust a voltage 
drop amount corresponding to the voltage Vin supplied 
from the battery B according to a base input signal sup- ss 
plied from the voltage control circuit 32. 
[0065] FIG. 4 illustrates the configuration of an 
example of a set of the current-voltage converting cir- 



cuits 38 and 39. The ffl^^rrrent- voltage converting cir- 
cuit 38 is provided so as to monitor the driving current 
Iref of the reference organic EL display element 1 1z as 
an alternate measure instead of directly detecting the 
driving currents la to In of the organic EL display ele- 
ments 11a to 11n so as to compensate for a tempera- 
ture-dependent change in the brightness and a time- 
dependent change in characteristics of the display ele- 
ments 1 1a to 1 1n. On the other hand, the second cur- 
rent-voltage converting circuit 39 is used to detect 
variation in the total current Ix supplied to all the organic 
EL display elements 11a to 11n when the stabilization 
voltage Vout is supplied thereto. Despite the difference 
in purpose of installation thereof, circuits of a similar 
configuration illustrated in FIG. 4 can be used. In the 
case of the example of FIG. 4, current mirror circuits are 
used as the current-voltage converting circuits 38 and 
39. A pair of PNP transistors TrO and Tr1 has the same 
characteristics. Currents (2lref, 2lx) inputted to the cur- 
rent-voltage converting circuits 38 and 39 are equally 
divided into two parts as collector currents la and lp of 
the transistors TrO and Tr1 . Between the currents la and 
ip obtained , a collector current la outputted from one 
TrO of the transistors is outputted as a driving current 
Iref, or a total current Ix. A collector current Ip outputted 
from the other Tr1 of the transistors is outputted to a pre- 
determined pull-down resistor Rpd. A voltage Vx at the 
connecting point between the pull-down resistor Rpd 
and the collector of the transistor Tr1 is inputted to the 
control portion 41 . Consequently, the control portion 41 
can detect the driving current Iref and the total current Ix 
with good accuracy. Incidentally, in FIG. 4, reference 
characters Ra and Rp designate resistors connected to 
the emitters of the transistors TrO and Tr1 , respectively. 
[0066] In this case, the collector currents are calcu- 
lated as follows by assuming that the amplification fac- 
tors of the transistors TrO and Tr1 are sufficiently large. 



Thus, 



la x Ra = ip x Rp 



la = lp x Rp/Ra 



(2) 



Further, the voltage detected by the control portion 41 is 
given by 

Vx = lp x Rpd 

Thus, 

ip = Vx/Rpd (3) 
Substituting the equation (3) for the equation (2), 

la = VxxRp/(RaxRpd) (4) 
The control portion 41 can easily compute the collector 
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current la (that is, the driving cuT^^ref or the total cur- 
rent Ix) of the transistor TrO according to the detected 
voltage Vx by using the equation (4). 
[0067] The control portion 41 detects the driving 
current Iref supplied to the reference organic EL display s 
element 1 1 z according to the equation (4), based on the 
voltage outputted from the first current-voltage convert- 
ing circuit 38. Then, the control portion 41 adjusts the 
stabilization voltage Vout, which is outputted from the 
stabilization voltage supply circuit 33, in a direction, in w 
which the driving current Iref is constant, by changing 
the control signal, which is supplied to the voltage con- 
trol circuit 32, according to the value of the driving cur- 
rent Iref. Consequently, the stabilization voltage Vout is 
stabilized. is 
[0068] Further, the control portion 41 detects the 
total current Ix according to the equation (4), based on 
the voltage (see Vx in the equation (4)) outputted from 
the second current-voltage converting circuit 39. The, 
the control portion 41 compares the detected total cur- 20 
rent Ix with a predetermined reference value. Subse- 
quently, the control portion 41 generates a control signal 
serving as a digital signal, according to the equation (4). 
Then, the control portion 41 performs a D/A (digital/ana- 
log) conversion on the control signal and outputs a 25 
resultant signal to the voltage control circuit 32. 
[0069] Incidentally, the control portion 41 detects 
the output voltage of the second current-voltage con- 
verting circuit 39 so as to ascertain variation in amount 
of the total current Ix flowing through the circuit 39. In 30 
the case that one or more switching circuits 15a to 15n 
are turned on in response to a switching signal output- 
ted from the control portion 41 to drive and cause one or 
more organic EL display elements 11a to 11n to emit 
light, the control portion 41 computes and sets a refer- 35 
ence value that is commensurate with a sum of the dis- 
play areas of these organic EL display elements 1 1a to 
1 1n and the reference organic EL display element 1 1z. 
Then, the control portion 41 compares the reference 
value computed and set herein with a detection value 40 
detected across the second current-voltage converting 
circuit 39. When the detection value far exceeds the ref- 
erence value, the total current Ix outputted from the sta- 
bilization voltage supply circuit 33 is limited by reducing 
a control signal transmitted to the noninverting input ter- 45 
minat of the operational amplifier 43 of the voltage con- 
trol circuit 32. In this embodiment, practically, when the 
detection value is twice the reference value or more, the 
control portion 41 judges that an abnormal condition 
occurs. Then, the control portion 41 reduces the control so 
signal. 

[0070] Thus, when leakage current of one of the 
organic EL display elements 1 1 a to 1 1 n increases, the 
total current Ix is suppressed within a certain level in the 
case that the total current Ix flowing through the second 55 
current-voltage converting circuit 39 increases to a level 
that is equal to or more than a certain predetermined 
level, and that thus, the output voltage of the second 
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current-voltage converting^Mait 39 increases. 
[0071 ] For example, in the case that the appropriate 
driving current la of the first organic EL display element 
1 1a Is 10 mA, that the appropriate driving current In of 
the nth organic EL display element 11n is 15 mA, and 
that the appropriate driving current Iref of the reference 
organic EL display element 1 1z is 1 mA, when the con- 
trol portion 41 performs the on-switching of the two 
switching circuits 15a and 15n to thereby turn on these 
switching circuits and to drive and cause the organic EL 
display elements 11a and 1 1n to emit light, the proper 
current level of the total current Ix is a sum of 1 0 mA, 1 5 
mA, and 1 mA, that is, 26 mA (10 mA + 15 mA + 1 mA 
= 26 mA). In this case, the control portion 41 sets the 
reference value at 52 mA (= 26x2), which is a current 
level that is twice the proper current level 26 mA. When 
the total current Ix flowing through the second current- 
voltage converting circuit 39 increases to a value that is 
equal to or more than 52 mA, the control portion 41 
becomes aware of an abnormal condition, and then 
reduces a control signal outputted to the voltage control 
circuit 32 so that the total current Ix is suppressed in 
such a manner as to be less than 52 mA. 
[0072] Further, in the case that the control portion 
41 changes only the state of the first switching circuit 
15a into an on-state to thereby drive and causes only 
the first organic EL display element 1 1 a to emit light, the 
proper current level of the total current Ix is a sum of 1 0 
mA and 1 mA, that is, 11 mA(10mA+ 1 mA = 11 mA). 
In this case, the control portion 41 sets the reference 
value at 22 mA (= 1 1x2), which is a current level that is 
twice the proper current level 1 1 mA. When the total cur- 
rent Ix flowing through the second current-voltage con- 
verting circuit 39 increases to a value that is equal to or 
more than 22 mA, the control portion 41 becomes 
aware of an abnormal condition, and then reduces a 
control signal outputted to the voltage control circuit 32 
so that the total current Ix is suppressed in such a man- 
ner as to be less than 22 mA. 

[0073] Thus, heat generation in the drive circuit is 
prevented. Consequently, the destruction of each por- 
tion due to the heat generation and overcurrent is pre- 
vented. 

[0074] Incidentally, in this embodiment, the control 
portion 41 outputs a control signal according to the driv- 
ing current Iref of the reference organic EL display 
elementHz, which is detected by the first current-volt- 
age converting circuit 38, and to the total current Ix 
detected by the second current-voltage converting cir- 
cuit 39. Further, the control portion 41 continuously per- 
forms the adjustment of the output control signal in 
response to variation in the driving current Iref detected 
by the first current-voltage converting circuit 38. How- 
ever, the control portion 41 performs the adjustment of 
the output control signal according to the total current Ix 
only in the case that the total current Ix is equal to or 
more than the certain threshold value. Furthermore, not 
only the control signal outputted from the control portion 
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voltage Vout are inputted to the operation amplifier 43 of 
the voltage control circuit 32 through the voltage divid- 
ing resistors 45 and 47. Thus, the control portion 41 pro- 
vides feedback on the variation in the stabilization 
voltage Vout. That is, in this embodiment, the stabiliza- 
tion voltage Vout is adjusted by producing a logical sum 
of changes in three factors, namely, variation in the driv- 
ing current of each of the organic EL display elements 
1 1 a and 1 1 n, for which the driving current Iref of the ref- 
erence organic EL display element 11z is substituted, 
and increase in the total current Ix, whose increased 
value becomes equal to or more than the threshold 
value, and variation in the stabilization voltage Vout. 
Consequently, in the case that the driving current Iref of 
the reference organic EL display element 11z, or the 
stabilization voltage Vout varies, unless leakage current 
is generated in one of the organic EL display elements 
11a to 11 n, the stabilization voltage Vout converges so 
that the driving current Iref of the reference organic EL 
display element 1 1z becomes constant. Furthermore, in 
the case that leakage current is generated in one of the 
organic EL display elements 11a to 11 n, and that the 
value of the total current Ix becomes equal to or more 
than the threshold value, an operation of suppressing 
the stabilization voltage Vout by most preferentially 
using the increase in the total current Ix is performed. 
[0075] Incidentally, in each of the aforementioned 
embodiments, a plurality of organic EL display elements 
1 1a to 1 1 n are parallel-connected to one another. More- 
over, the stabilization voltage Vout is applied thereto as 
a common power source voltage. However, the drive 
device may be adapted to so that a single organic EL 
display element (for example, the first organic EL dis- 
play element 1 1 a) is installed therein, and that the stabi- 
lization voltage Vout is controlled by referring to the 
driving current Iref flowing through the reference 
organic EL display element 1 1 z, which is provided sep- 
arately from the first organic EL display element 11a, 
instead of the driving current la flowing through the dis- 
play element. 

[0076] A current sensing resistor (or current detect- 
ing element) Ras for detecting the collector currents Ix 
of these transistors Q1 1 ad Q6 and the current levels of 
the currents la to In is connected to the transistor Q1 1 of 
the stabilization voltage supply circuit 33 of the first 
embodiment and to the transistor Q6 of each of the 
switching circuits 1 5a to 1 5n of the second embodiment. 
In addition, the transistors Qa and Qas for reducing the 
base-emitter bias of these transistor Q1 1 or Q6 are con- 
nected thereto. However, the current sensing resistor 
Ras and the transistors Qa and Qas may be connected 
to both the transistor Q11 of the stabilization voltage 
supply circuit 33 and the transistor Q6 of each of the 
switching circuits 15a to 15n. 

[0077] According to the first aspect of the present 
invention, the display element drive device is adapted 
so that at least one of the stabilization voltage supply 



circuit and the switch in^Mcuit has a transistor for sup- 
plying a driving current to the EL display element. The 
transistor is connected to a current detecting element 
for detecting a collector current of the transistor. Fur- 
5 ther, when the driving current rises to a certain abnor- 
mal level owing to leakage current of the EL display 
element, the bias suppressing element is turned on, so 
that the bias-emitter bias of the transistor is reduced. 
Thus, each portion of the device can be prevented from 
iq excessively generating heat, and from being destroyed 
by the generated heat and overcurrent. 
[0078] According to the second aspect of the 
present invention, the stabilization voltage supply circuit 
is provided with a stabilization voltage supply element 
is and with a current detecting element for detecting a cur- 
rent outputted from the stabilization voltage supply ele- 
ment. The control portion is adapted to have a function 
of detecting the driving state of the reference EL display 
element and changing the control signal for controlling 
20 the stabilization voltage according to the driving state, 
and a function of judging that leakage current of the EL 
display element abnormally increases, and changing 
the control signal to thereby limit the output level of the 
stabilization voltage outputted from the stabilization volt- 
25 age supply element when the current detected by the 
current detecting element rises to an abnormally high 
level in comparison with a level of a driving current 
needed for driving the EL display element to emit light in 
the case that the on-switching of the switching circuit is 
30 performed in response to the switching signal. Thus, the 
stabilization voltage is controlled so that the driving 
state of the EL display element is constant. Moreover, 
the device has an advantageous effect in that when 
excessive current flows through the entire device owing 
35 to leakage current generated by the deterioration of the 
EL display element, each portion of the device can be 
prevented from excessively generating heat, and from 
being destroyed by the generated heat and overcurrent. 

40 Claims 

1. A display element drive device for driving a single 
EL display element or a plurality of EL display ele- 
ments parallel-connected to one another, compris- 
es ing: 

a single stabilization voltage supply circuit for 
applying a stabilization voltage to said EL dis- 
play element; 

so a reference EL display element parallel-con- 

nected to said EL display element; 
driving state detecting means for detecting a 
driving state and for changing an output signal 
according to the driving state; 

55 a voltage control circuit for controlling a con- 

stant voltage by supplying a stabilization volt- 
age adjustment signal to said stabilization 
voltage supply circuit according to the output 
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signal of said driving sf^^fetecting means so 
that the driving state of said reference EL dis- 
play element is constant; and 
a switching circuit for switching between appli- 
cation and disapplication of the stabilization 
voltage to said EL display element, wherein 
at least one of said stabilization voltage supply 
circuit and said switching circuit has a transis- 
tor for supplying a driving current to said EL 
display element, and wherein 
said transistor is connected to a current detect- 
ing element for detecting a collector current of 
said transistor, and to a bias suppressing ele- 
ment for reducing a base-emitter bias of said 
transistor by on-switching when the current 
detected by said current detecting element 
rises to a certain abnormal level owing to leak- 
age current of said EL display element. 
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play element by oTWfitching of said switching 
circuit, wherein 

said control portion further has a function of 
judging that leakage current of said EL display 
element abnormally increases, and changing 
the control signal to thereby limit the output 
level of the stabilization voltage outputted from 
said stabilization voltage supply element when 
the current detected by said current detecting 
element rises to an abnormally high level in 
comparison with a level of a driving current 
needed for driving said EL display element to 
emit light in a case that the on-switching of said 
switching circuit is performed in response to 
the switching signal. 



A display element drive device for driving a single 
EL display element or a plurality of EL display ele- 
ments parallel-connected to one another, compris- 
ing: 
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a single stabilization voltage supply circuit for 
applying a stabilization voltage to said EL dis- 
play element; 

a reference EL display element parallel-con- 
nected to said EL display element; 
a control portion for detecting a driving state 
and for changing a control signal, which is used 
to control the stabilization voltage, according to 
the driving state; 

a voltage control circuit for controlling a con- 
stant voltage by supplying a stabilization volt- 
age adjustment signal to said stabilization 
voltage supply circuit according to the control 
signal outputted from said control portion so 
that the driving state of said reference EL dis- 
play element is constant; and 
a switching circuit for switching between appli- 
cation and disapplication of the stabilization 
voltage to said EL display element, wherein 
said switching circuit is adapted to perform on- 
off switching according to a switching signal 
sent from said control portion, wherein 
said stabilization voltage supply circuit has a 
stabilization voltage supply element for adjust- 
ing an output level of the stabilization voltage 
according to the stabilization voltage adjust- 
ment signal supplied from said voltage control 
circuit, and further has a current detecting ele- 
ment for detecting a current outputted from 
said stabilization voltage supply element, 
wherein 

said control portion has a function of outputting 
to said switching circuit a switching signal for 
applying the stabilization voltage to said EL dis- 
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FIG. 6 
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